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INTRODUCTION 


Due  to  the  weight-critical  nature  of  hydrofoil  craft,  the 
hulls  are  generally  constructed  of  aluminum.  Several  materials 
have  been  used  or  are  being  considered  for  strut-foil  systems. 
These  include  17-4PH  scainless  steel,  HY-130  steel,  aluminum, 
mild  steel,  and  titanium  alloys.  In  addition,  fiber  glass  is 
frequently  used  for  nonstructural  fairings. 

This  unique  combination  of  materials  leads  to  complex  prob- 
lems of  fastener  selection.  Two  somewhat  interrelated  factors 
affecting  the  selection  of  fastener  materials  from  a corrosion 
standpoint  are  galvanic  compatibility  and  susceptibility  to 
crevice  corrosion.1'2  Most  papers  written  on  the  subject  of 
fastener  corrosion  emphasize  corrosion  in  marine  or  industrial 
atmosphex  es . 1 > 11  These  environments  are  quite  different  from 
constant  seawater  immersion  environments.  The  intensities  of 
galvanic  and  crevice  corrosion  are  greater  in  constant-immersion 
environments  than  in  atmospheric  environments.  Sacrificial 
coatings  which  can  be  of  great  value  in  limiting  corrosion 
attack  in  atmospheric  exposures3'1'  are  depleted  too  rapidly  to 
be  of  value  in  constant-immersion  exposures.  Thus,  evaluation 
of  the  interrelationship  between  galvanic  and  crevice  corrosion 
in  fastened  assemblies  and  of  the  overall  compatibility  between 
various  base  materials  and  various  fastener  materials  in  marine 
environments  is  best  accomplished  by  means  of  constant-immersion 
seawater  corrosion  exposures.  This  report  presents  the  results 
of  such  a set  of  exposures  and  makes  recommendations  regarding 
the  selection  of  fastener  materials  from  a corrosion  standpoint 
for  specific  structure/material  combinations. 

MATERIALS 


FASTENERS 

Aluminum  alloy  2024-T4  hex  head  fasteners,  1/4  - 20  x 
1 1/2  inches  (40  mm),*  were  supplied  by  ITT  Harper  Company,  Inc. 
These  were  subsequently  cut  to  1-inch  (25-mm)  length  and  threaded 
up  to  the  head  to  obtain  the  standard  size  1/4  - 20  x 1 inch 
(25  mm)  used  for  the  test. 

Anodized  ASTM  grade  5 steel  hex  head  fasteners,  1/4  - 20  x 
1 inch  (25  mm),  were  obtained  from  GSA  (stock  No.  5305-225-3840). 
Passivated  stainless  steel  hex  head  bolts  of  types  304  and  316 
in  this  size  were  also  furnished  by  ITT  Harper  Company,  Inc., 
and  A286  stainless  steel  fasteners  in  this  size  were  obtained 
from  Standard  Pressed  Steel  Company. 


Superscripts  refer  to  similarly  numbered  entries  in  the  Techni- 
cal References  at  the  end  of  the  text. 

*Defin:tions  of  abbreviations  used  are  given  in  page  i. 
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Also  supplied  by  Standard  Pressed  Steel  Company  were 
fasteners  of  MP35N  multiphase  and  Titanium-6A1-4V.  The  MP35N 
fasteners  had  12-point  hi-torque  heads  and  were  1/4  - 28  x 2 1/4 
inches  (60  mm)  with  a 1 3/4-inch  (45-mm)  unthreaded  shank.  The 
titanium  fasteners  were  hex  head,  1/4  - 28  x 1 1/2  inches  (40  mm 
with  1 1/8-inch  (30-mm)  unthreaded  shank.  Fasteners  of  both 
materials  were  cut  to  the  standard  length  and  rethreaded  to 
standard  test  size  of  1/4  -20x1  inch  (25  mm) . 

Smaller  Phillips-drive  fasteners  of  304  stainless  steel  of 
the  type  used  on  the  PHM  hydrofoil  were  also  obtained  for  tests. 
Two  sizes  were  tested,  10  - 32  x 1/2-inch  (10-mm)  pan  head  and 
4 - 40  x 7/16-inch  (10-mm)  flat  head. 

Nominal  compositions  of  all  fastener  materials  are  shown 
in  table  1. 


TABLE  1 

NOMINAL  COMPOSITIONS  OF  ALLOYS 


Alloys Nominal  Compositions 

Fasteners 


Aluminum 

A12024  4.5CU,  1.5Mg,  0 . 5Mn 


Stainless  steels 
Type  304 

18Ni,  8Cr 

Type  316 

18Ni,  12Cr , 

2.5Mo 

A286 

26Ni,  15Cr , 

1 . 7 5Mo , 2 . OTi 

Titanium 

Ti6-4 

6A1,  4V 

Multiphase 
MP3  5N 

35Ni,  35Co , 

20Cr , lOMo 

Steel 

Medium-carbon  anodized  stee 

Aluminum 

A15456 

Panels 

5Mg , 0 . 8Mn , 

O.lCr 

Low  alloy  steel 
HY-130 

5Ni , 0 . 6Cr , 

0.4Mo 

Stainless  steel 
17 -4  PH 

17Cr , 4Ni, 

4Cu,  0 . 3 (Nb+Ta) 

Titanium 

Ti6-4 

6A1 , 4V 

PANELS 

The  test  panels  weie  made  from  1/4-inch  (6-mm)  thick 
fiber  glass  type  G-10,  aluminum  alloy  5456-H117,  HY-130  steel, 
titanium-6Al-4V,  and  17-4PH-H950  stainless  steel.  The  17-4PH 
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material  was  obtained  from  strut  fairings  taken  from  USS 
TUCUMCARI  (PGH  2) , while  the  rest  of  the  materials  were 
obtained  from  normal  commercial  sources.  Nominal  compositions 
of  the  metallic  plate  materials  are  presented  in  table  1. 

SEALANT 

The  fastener  sealant  used  in  this  investigation  was  a two- 
part,  room-temperciture-curing,  flexible,  synthetic  rubber  seal- 
ant (polysulfide  base)  without  corrosion  inhibitors,  which  has 
been  used  on  fasteners  in  service  on  hydrofoils. 

EXPERIMENTAL  PROCEDURE 

Fourteen  panels  of  each  material  were  cut  to  4 x 12  inches 
(0.1  x 0.3  m) , and  a 1/4  - 20  hole  was  drilled  and  tapped  in  the 
center  of  each.  To  enable  the  bolt  heads  to  seat  flat  against 
the  panel,  a 45°  taper  was  added  to  the  hole  on  the  side  of  the 
panel  which  would  contain  the  bolt  head.  This  was  necessary  to 
provide  clearance  for  the  short  section  of  shank  under  the  bolt 
head  which  was  not  fully  threaded. 

Duplicate  specimens  were  prepared  for  each  bolt-material/ 
panel-material  combination.  The  threads  of  one  of  the  bolts  in 
each  pair  were  dipped  in  sealant  immediately  before  assembly. 

All  bolts  were  tightened  after  assembly  of  the  test  panels.  A 
completed  bolt  assembly,  with  sealant,  is  shown  in  figure  1. 

An  additional  panel  of  17-4PH  stainless  steel  was  prepared  with 
threaded  holes  for  six  of  each  of  the  two  smaller-sized  304 
stainless  steel  bolts.  Half  of  these  were  installed  with  seal- 
ant and  half  without.  , 

On  17  June  1974,  all  test  panels  were  exposed  in  quiet  sea- 
water at  the  Francis  L.  LaQue  Corrosion  Laboratory  in  Wrights- 
ville  Beach,  North  Carolina.  All  panels  were  fully  immersed  for 
a total  test  period  of  6 months.  At  the  end  of  this  time,  all 
panels  except  those  made  of  HY-130  and  all  bolts  except  those 
made  of  steel  were  cleaned  in  a 30%  nitric  acid  solution.  The 
steel  panels  and  fasteners  were  cleaned  in  an  ammonium  citrate 
solution . 


RESULTS  AND  DISCUSSION 

A summary  of  the  results  of  the  corrosion  exposures  is 
presented  as  table  2.  This  table  has  four  triangles  for  each 
bolt-panel  combination.  In  each  triangle  is  a description  of 
the  type  of  corrosion  attack  which  took  place  on  the  item  to 
which  that  triangle  refers.  The  upper  two  triangles  in  each  set 
refer  to  the  bolt-panel  combination  without  sealant,  while  the 
lower  two  refer  to  the  combination  assembled  with  sealant.  The 
left-hand  triangle  in  each  pair  refers  to  the  corrosion  behavior 
of  the  bolt,  whereas  the  right-hand  triangle  refers  to  the  cor- 
rosion behavior  on  the  panel.  There  are  7 bolt  materials,  one 
in  each  row,  arid  5 panel  materials,  one  in  each  column,  for  a 
total  of  35  bolt-panel  combinations. 
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FIBER  GLASS  TITANIUM  AND  HY-130  STEEL  PANELS 
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No  attack  occurred  on  any  of  the  fiber  glass  or  titanium 
panels.  Corrosion  of  the  HY-130  steel  panels  consisted  primarily 
of  a general,  uniform  attack,  as  shown  in  item  (2)  of  figure  2. 

In  some  instances,  especially  on  panels  which  had  housed  the 
more  noble  bolt  materials,  a very  mild  form  of  galvanic  attack 
was  present,  as  shown  in  items  (b)  and  (c)  of  figure  2.  This 
electrochemical  attack  was,  in  most  cases,  barely  visible  and 
fairly  broad,  with  a maximum  depth  of  2-5  mils  (50-125  pm) . On 
the  panels  where  sealant  was  used,  it  occurred  outside  of  the 
area  covered  by  sealant  (which  oozed  out  from  the  threads  as 
the  bolt  was  tightened)  . On  the  panels  where  sealant  was  not 
used,  it  occurred  outside  of  the  area  of  bolt-head  contact. 
Unexpectedly,  this  corrosion  was  present  on  one  panel  containing 
an  aluminum  bolt. 

ALUMINUM  PANELS 

The  corrosion  attack  on  the  aluminum  panels  was  usually  in 
the  form  of  mild  pitting  and  local  attack  at  the  plate  edges. 

Also  present  was  a mild-to-intense  form  of  localized  inter- 
granular attack,  up  to  3/16  inches  (5  mm)  deep  at  the  bolt 
hole.  This  attack  is  shown  for  both  front  and  back  of  each 
panel  in  figure  3. 

It  is  not  surprising  that  most  of  the  aluminum  panels  which 
had  bolts  of  the  materials  more  noble  than  aluminum  (steel,  the 
stainless  steels,  A286,  MP35N  and  titanium)  experienced  galvanic 
attack.  However,  the  panel  with  aluminum  bolts  also  experienced 
very  intense  galvanic  attack  at  the  bolt  holes.  It  should  be 
noted  that  2024  aluminum  is  slightly  more  noble  than  5456 
aluminum.  The  intensity  of  the  attack  on  the  panels  did  not 
appear  to  be  related  to  the  relative  position  of  the  bolt 
material  in  the  electromotive  series,  as  the  most  intense 
attack  took  place  on  the  panels  with  aluminum  bolts  and  the 
least  attack  took  place  on  the  panels  with  A286  bolts.  Use  of 
the  sealant  tended  to  reduce  galvanic  attack  near  the  bolt  head 
but  had  no  systematic  effect  on  the  attack  on  the  opposite  side 
of  the  panels  near  the  threaded  shank,  where  sealant  had  not 
accumulated. 

17-4PH  STAINLESS  STEEL  PANELS 

Attack  of  the  17-4PH  panels  was  very  erratic.  In  every 
case  some  major  localized  attack  was  present,  nut  this  attack 
was  not  always  ir.  the  bolt  area;  rather  it  sometimes  occurred 
several  inches  from  the  bolt,  leaving  the  bolt  area  unaffected. 
Attack  was  always  of  an  intense,  localized,  tunneling  nature, 
with  a great  deal  of  material  removal  taking  place  beneath 
the  metal  surface  where  it  was  not  visible.  Generally, 
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each  panel  had  only  one  major  area  of  attack,  although  in  several 
cases  areas  of  minor  crevice  attack  or  pitting  were  present  on 
the  same  plate. 

The  relative  position  of  the  bolt  material  in  the  electro- 
motive series  did  not  appear  to  have  any  significant  effect  on 
the  intensity,  location,  or  probability  of  attack.  In  one 
instance  the  corrosion  appeared  to  initiate  at  the  crevice 
formed  by  an  aluminum  bolt.  The  use  of  the  sealant  seemed  to 
have  the  effect  of  establishing  a better  crevice,  thereby 
increasing  the  extent  of  the  attack  under  the  sealant. 

Photographs  of  the  side  of  the  panels  which  contained  the 
bolt  head  are  presented  as  figures  4 through  10.  The  upper  photo- 
graphs are  the  panels  where  no  sealant  was  used,  and  the  lower 
photographs  are  the  panels  where  sealant  was  used.  In  several 
instances  the  attack  at  the  bolt  hole  clearly  delineates  the 
areas  where  the  sealant  was  in  contact  with  the  plate.  Also 
present  in  some  panels  were  areas  of  localized  attack  which 
were  not  associated  with  the  fasteners. 

Figure  11  is  a photograph  of  the  17-4PH  panel  with  the 
small  304  stainless  steel  sample  fasteners  from  PHM.  The  attack 
on  this  panel  was  confined  to  only  two  bolt  holes  (marked  with 
arrows)  arid  a small  area  near  the  edge,  in  spite  of  the  number 
of  crevices  present.  In  addition,  the  intensity  of  attack  did 
not  appear  as  great  as  the  panels  with  the  large  304  stainless 
steel  bolts  (figure  6) . 

BOLTS  IN  FIBER  GLASS  PANELS 

Figure  12  shows  the  corrosion  attack  on  the  bolts  from  the 
fiber  glass  panels.  The  aluminum  bolts  experienced  pitting  in 
the  threads,  especially  at  the  cut  end  of  the  bolt, and  intense 
pitting  of  the  head  of  the  bolt  applied  with  sealant.  Both 
steel  bolts  experienced  a mild  general  attack,  with  some  protec- 
tion afforded  under  the  sealant.  The  304  stainless  steel  bolts 
suffered  mild  crevice  attack  which  was  somewhat  reduced  near  the 
bolt  head  where  sealant  had  been  used.  The  316  and  A286  bolts 
suffered  a mild  crevice  attack  which  amounted  to  only  a slight 
etching.  Use  of  the  sealant  completely  eliminated  this  attack, 
however  MP35N  and  titanium  bolts  were  unaffected  by  the 
exposure . 

BOLTS  IN  ALUMINUM  PANELS 

Bolts  in  the  aluminum  panels,  illustrated  in  figure  13,  all 
received  adequate  galvanic  protection  to  eliminate  all  corrosion 
attack  with  one  exception.  The  aluminum  bolt  applied  with  seal- 
ant experienced  intense  pitting  on  the  exposed  threads.  This 
was  not  expected,  as  2024  ‘aluminum  is  slightly  cathodic  to  5456 
aluminum  in  seawater. 
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BOLTS  IN  HY-130  PANELS 

As  can  be  seen  in  figure  14,  all  bolts,  except  those  of 
aluminum  and  steel,  received  adequate  galvanic  protection  from 
HY-130  panels  to  reduce  their  corrosion  attack.  The  entire 
surface  of  the  aluminum  bolts,  except  that  under  the  sealant, 
was  uniformly  pitted.  The  end  of  one  of  these  bolts  was  broken 
off  during  the  test.  Although  some  galvanic  corrosion  of  the 
steel  bolts  was  expected,  as  they  should  have  been  slightly 
anodic  to  the  5Ni  steel  in  seawater,  the  actual  attack  was  much 
more  intense  than  would  be  predicted.  Although  almost  complete 
protection  was  afforded  in  the  crevices,  extensive  corrosion 
attack  occurred  on  the  exposed  surfaces. 

BOLTS  IN  TITANIUM  PANELS 

The  titanium  panels  generally  caused  very  extensive  galvanic 
attack  on  the  bolts,  as  seen  in  figure  15.  The  entire  aluminum 
bolts,  except  for  the  areas  in  the 'crevices , were  completely 
corroded  away.  The  steel  bolts  were  missing,  and  it  can  be 
deduced,  since  the  threads  in  the  panels  were  intact,  that  these 
bolts  either  corroded  away  completely  or  suffered  sufficiently 
extensive  attack  to  allow  them  to  fall  out  of  the  panels.  The 
316  stainless  steel  bolts  were  riddled  with  holes,  and  the  attack 
on  the  304  stainless  steel  bolts,  although  limited  to  the  threads 
in  or  near  the  crevice,  was  still  quite  intense.  The  only  time 
in  the  entire  test  series  where  A286  experienced  major  attack 
was  in  these  panelr. . This  attack  was  most  intense  in  the  crevice 
area  but  was  also  very  significant  in  the  head  of  the  bolt  with- 
out sealant  and  under  the  sealant  in  the  head  and  threads  of  the 
bolt  with  sealant.  Generally,  the  sealant  afforded  no  protection 
against  the  galvanic  attack  on  any  of  the  bolts.  In  contrast  to 
the  others,  the  MP35N  and  titanium  bolts  experienced  no  corrosive 
attack  whatsoever. 

BOLTS  IN  17- 4 PH  PANELS 


The  attack  on  the  standard-sized  bolts  in  the  17-4PH  stain- 
less steel  panels,  as  pictured  in  figure  16,  appeared  to  be 
considerably  less  than  the  bolts  in  the  titanium  panels.  Gal- 
vanic corrosion  of  the  aluminum  bolts  was  quite  variable.  One 
bolt  was  almost  completely  corroded  away,  except  for  the  portion 
inside  the  crevice,  while  the  other  bolt  experienced  some  pitting 
on  the  head  and  the  cut  end  of  its  threads  which  was  minor  by 
comparison  (although  still  considered  significant) . The  steel 
bolts  were  both  missing.  Since  the  threads  in  both  panels  were 
still  intact  and  since  the  areas  around  these  bolts  holes  were 
stained  with  rust,  these  bolts  probably  either  corroded  com- 
pletely or  fell  out  after  extensive  attack  had  occurred.  Exten- 
sive crevice  attack  was  apparent  on  the  304  stainless  steel  bolt 
with  sealant,  while  some  attack  was  present  but  not  as  obvious 
in  the  threads  and  under  the  head  of  the  bolt  applied  without 
sealant.  None  of  the  other  bolts  in  this  panel  experienced 
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significant  attack.  The  A286  bolt  applied  without  sealant  was 
broken  during  the  test,  however.  In  addition,  one  of  the  MP35N 
bolts  was  missing.  Examination  of  the  panel  housing  this  bolt 
shows  extensive  corrosion,  with  complete  destruction  of  the 
threaded  hole.  This  evidence,  along  with  the  appearance  of  the 
other  bolt,  leads  to  the  conclusion  that  the  MP35N  bolt  fell  out 
of  the  plate  as  the  plate  corroded  away. 

SMALL  304  SAMPLE  FASTENERS  FROM  PHM 

The  appearance  of  the  small  304  stainless  steel  fasteners 
that  were  exposed  in  a 17-4PH  panel  is  shown  in  figure  17.  All 
of  the  small  flat  head  fasteners,  except  the  one  shown,  were 
destroyed  for  analysis.  All  were  free  of  attack  and  similar  in 
appearance  to  the  one  shown  in  figure  17.  Likewise,  the  pan 
head  fasteners  were  free  of  corrosion,  except  for  slight  etch- 
ing of  the  threads  in  one  fastener  which  is  shown  at  the  upper 
left  in  figure  17.  One  fastener  had  been  put  in  a hole  in  the 
panel  which  subsequently  had  the  threads  completely  corroded 
away.  This  fastener  was  missing  after  exposure  and  probably 
dropped  out  of  the  panel  intact. 

There  is  some  inconsistency  in  the  behavior  of  the  304 
stainless  steel  fasteners  in  the  17-4PK  stainless  steel  panels. 
The  nominal  1/4-inch  bolts  suffered  crevice  attack,  as  pre- 
viously mentioned  and  illustrated  in  figure  16,  whereas  the 
smaller  flat  head  and  pan  head  fasteners  suffered  essentially 
no  attack  under  almost  identical  circumstances,  as  described 
above  and  illustrated  in  figure  17.  The  reason  for  this  anomal- 
ous behavior  is  not  known. 

JOINTS  WITH  MIXED  MATERIALS 

The  corrosion  problems  associated  with  bolted  joints  of 
several  materials  are  complex.  Galvanic  compatibility  between 
different  structural  materials  must  be  considered  as  well  as 
compatibility  of  the  fasteners  with  the  structure.  Not  only 
must  the  crevice  around  the  fastener  be  considered,  but  also  the 
crevice  between  the  structural  materials.  As  a result,  pre- 
diction of  the  behavior  of  mixed-material  joints  is  not  possible 
from  the  results  of  this  simple  experiment.  However,  bolt 
materials  which  remain  unaffected  by  seawater  when  used  with 
each  of  the  panel  materials  alone  will  probably  still  display 
good  corrosion  resistance  in  the  mixed-material  situation. 

The  two  bolts  which  remained  unattacked  in  all  materials 
in  this  exposure  were  MP35N  and  titanium.  These  materials  will 
therefore  probably  remain  unaffected  when  used  in  mixed  joints. 
The  effect  of  these  fasteners  on  the  corrosion  of  the  joint  can- 
not, however,  be  easily  determined. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


The  conditions  of  this  test  are  probably  more  severe  than 
actual  service  conditions  for  fasteners.  The  panels  were  not 
painted,  immersion  was  continuous,  and  no  cathodic  protection 
was  employed.  Other  factors,  such  as  area  ratios,  coatings, 
cathodic  protection,  and  specific  environmental  conditions,  can 
exert  significant  influence  on  the  corrosion  behavior  of  fas- 
tened assemblies.  Therefore,  the  conclusions  based  on  the 
results  of  this  study  should  be  considered  as  the  worst  case, 
applicable  only  to  structures  with  exposure  conditions  similar 
to  the  test  conditions. 


FIBER  GLASS 

Generally,  use  of  a good  sealant  is  recommended  for  bolt- 
ing of  fiber  glass  structures  as  it  reduces  the  extent  of  crevice 
corrosion  on  the  bolts  subject  to  this  type  of  attack.  Both 
titanium  and  MP35N  are  highly  recommended  fastener  materials  for 
this  application.  The  A286  and  316  stainles  steels  are  subject 
to  mild  crevice  corrosion  but  would  probably  perform  satisfactor- 
ily. Crevice  corrosion  on  304  stainless  steel  is  of  sufficient 
magnitude  to  make  this  material  unsuitable  for  this  application. 
Steel  bolts  are  generally  easy  to  obtain  and  may  be  suitable  for 
short  exposures;  however,  the  general  corrosion  rate  for  steel 
makes  it  unsuitable  for  long  exposures.  Aluminum  alloy  2024  is 
subject  to  considerable  pitting  and  is  not  recommended  for  use 
in  fiber  glass  structures. 

5456  ALUMINUM 

Use  of  a sealant  material  is  highly  recommended  for  aluminum 
alloy  5456  structures  as  this  material  appears  to  reduce  the 
localized  galvanic  attack  on  the  structure.  Bolts  of  2024 
aluminum  are  not  recommended  as  they  will  pit  significantly.  All 
of  the  other  bolt  materials  in  this  study,  although  not  suffering 
degradation  themselves,  could  cause  localized  galvanic  attack  of 
the  structure.  They  should  be  considered  only  if  a form  of 
corrosion  protection,  such  as  painting,  liberal  use  of  sealant 
to  cover  the  entire  bolt,  or  cathodic  protection,  is  employed. 

HY-130  STEEL 


Bolt  sealant  is  also  recommended  for  HY-130  steel  structures 
as  it  appears  to  prevent  localized  attack  under  the  bolt  heads. 
Aluminum  and  steel  fasteners  are  not  recommended  due  to  their 
high  rate  of  galvanic  corrosion.  All  other  materials  in  this 
study  appear  to  be  satisfactory,  from  a corrosion  standpoint, 
for  this  application. 
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TITANIUM 


Bolt  sealant  is  not  necessary  to  mitigate  corrosion  in 
bolted  titanium  structures.  Its  use  appears  to  have  no  signifi- 
cant effect  on  the  corrosion  behavior  of  the  fasteners.  Titanium 
and  MP35N  are  the  only  fasteners  tested  that  are  recommended 
for  this  application.  The  A286  and  stainless  steel  fasteners 
would  suffer  serious  pitting  and  crevice  corrosion  in  this 
application,  whereas  the  steel  and  aluminum  fasteners  would 
suffer  serious  galvanic  attack. 

17-4PH  STAINLESS  STEEL 

Use  of  a sealant  material  on  17-4PH  stainless  steel  struc- 
ture's is  definitely  contraindicated.  The  sealant  tends  to 
establish  a tighter  crevice,  increasing  the  likelihood  of 
crevice  corrosion  on  the  structure.  Unless  the  entire  struc- 
ture is  well  painted,  use  of  aluminum  or  steel  bolts  is  not 
recommended  due  to  their  high  rate  of  galvanic  attack,  and  use 
of  304  stainless  steel  is  undesirable  due  to  extensive  crevice 
corrosion  of  the  fasteners.  Use  of  A286,  316  stainless  steel, 
MP35N , and  titanium  is  favored  from  the  viewpoint  of  fastener 
corrosion;  however,  some  means  of  corrosion  protection  is 
necessary  to  prevent  crevice  attack  of  the  structure. 

MIXED  MATERIALS 

MP35N  and  titanium  bolts  did  not  experience  any  corrosion 
attack  in  any  material  tested  and  should  therefore  not  corrode 
in  a structure  having  a mixture  of  the  panel  materials  tested. 

The  effects  of  these  bolt  materials  on  the  structural  materials 
in  a mixed  joint  are  not  known. 

Listings  of  fastener  material  recommendations  for  mixed 
material  joints  are  available.1  These  listings  should  be  used 
only  with  caution,  however,  since  many  factors  can  exert  signi- 
ficant influence  on  the  corrosion  behavior  of  fastened  assemblies. 
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1 - "ITT  Harper  Fastener  Guide  for  the  Marine  Industry,"  Tech- 
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2 - "ITT  Corrosion  Resistant  Fasteners  from  Harper,"  Technical 
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3 - Taylor,  Edward,  "Combating  Fastener  Corrosion  in  Mechanical 
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Corrosion  Attack  on  HY-1J0  Steel  Panels 
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Corrosion  Attack  on  17-4 PH  Panels  with  Aluminum  Bolts 
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Corrosion  Attack  on  Bolts  in  HY-1J0  Panels 
(Arrow  Indicates  Mechanical  Damage) 
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Corrosion  Attack  on  Small  ^04  Stainless 
Bolts  in  17-4 PH  Panel 
(Arrow  indicates  Mechanical  Damage) 
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